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FLIGHT INTTESTIGA7XON ON A FIGEITER-TYPE AIRPLANE OF
THE LOADS AND LOAD DISTRIBUTIONS ON THE VERTICAL

RUDDER III(XS AND FISHTAILS
By JOKN BOSHAR

FACTORS WHICH AFFECT
TAIL SURFACES DURING

SUMMARY

Results arc presented of a Night inces%igation cond~uckd on a
fighter-type airplane to determine the factors which aject the
loads and load distributions on the retiical tail .surjaces ~n
marwuwrs. An analy.wk is made of the data obtained in
steady j$ight, rudder kick, andfishtail maneurers.

For the rudder kicks, the signi$cant loads were the “deflection
load” resulting jrom an abrupt con&ol de$ection and the “dy-
namic load’7 corksting oj a load corresponding to the new static
equiiibn”um condition for the rudder de$ected plus a load due
to a transient orershoot. The de$ection. load is proportional
to the angular acceleration whi<h in turn is dependent upon
the rate and amount of control dejection and upon the direc-
tional response characteri.s+ics of the airplane. The dynamic
load had an angular acceleration load superposed on it as a
result of the r-udder being rerer~ed at the time of maximum
sideslip. The critical loads on the rudder were associated
with the dejection load, and tho~e on. the fin, wifh the dynamic
load.

me rrLi”?I?hUXLthe to reach the maximum control de$ection
attainable by the pilot in any$ight condition. was found to be a
constant.

In the~shtail ma.neucerst it was found that the p-iloi tends to
dq7ect the rudder in phase with the natural jrequencg of the
airplane. At the condition qf resonance the load on the jin
and that on the rudder are approximately 90” out of phase.
The mam”mum load~ measured in jishtails were of the sarae
order oj magnitude as those from a rudder kick in which the
rudder is returned to zero at the time oj mam”mum sideslip.

EWRODUCTION

The problem of e-rolving methods for designing the tail
surfaces of fighter-t-ype airp~anes for the dynamic effects
which occur in maneuvers has received much attention in
recent years. In the case of the horizontal tail, methods by
which the loads may be determined for an arbitrary type
of elevator motion have been introduced (references 1 arid 2)
and the type of controI deflection to be assumed in design
has been specified (reference 3).

In the case of the verticaI tail,however, thecurrentd=kw

specifications consider only steady-state conditions for Ioads
associated with a specified steady yaw or a specified rudder
angle. Indications hare been that the Ioads on the vertical

tail are more critical in maneuvers than in steady-flight
conditions. For instance, in reference 4, critical v_erti;al-
taiI Ioads in roll.irg pull-out. maneuvers were shown to be
rekted to the ratio of aileron power and the static
directiomd-stability deri~atiw of the airplane; ~bereas, in
reference 5 the dynamic loads in abrupt. rudder kicks or in
iishtaiI maneuvers were shown to reach high -raIues. For
some time, therefore, there has exist ed a need for a
systematic flight investigation to eduate the factors which
influence the vertical-ttiiI Ioads.

The purpose of the present paper is to present the results
of a. flight investigation of the factors which affect the loads
and the load distributions on the vertical tail surfaces in
rudder kicks and fkhtaiI maneuvers. .&n attempt has been
made to isolate the effects of power, of speed, of initial side-
slip, and of rate, amount, and direction of control deflection.
Emphasis has been placed upon the presentation of the
experimental results in the Iight. of theoretical considerations.

SYMBOLS

rudder deflection angle, debgrees
ma.xim~m rate of rudder deflection, degrees per

second
elevator deflection angIe, degrees
sideslip angle, de=mees
pedaI force, pounds
normal force on wrtical tail, pounds
normal force ODrudder, pounds
normal force on fin, pounds
first Ioad peak on vertical tail, pounds
&sL load peak on rudder, pounds
first load peak on fin”, pounds
second load peak on vertical taiI, pounds
second load peak on rudder, pounds
second Ioad peak on @ pounds
normal-force coefficient on vertical tail (NJ@J
normaI-force coefficient on rudder (LiTJqSJ
normal-force coefficient on fin (.Nf/gS,)

With the foregoing symbols, the prefk A represents an
increment; for maneu~ers, it indicates the maximum incre-
ment measurec] from the initial steady-flight. value; for
steady sidesIip, it represents an increment measured from
the trim value for wings level.
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airspeed, miles per hour
equivalent airspeed, miles per hour (Va 1/2)
total vertical tail area, square feet
distance from center of gravity to rudder hinge line

(absolute vaIue), feet

0
dynamic pressure, pounds per square foot ~ PV2

moment of inertia about Z-axis, pound-foot-second 2
thrust coeflkie.nt ( T/P~7’D’)
propeHer thrust, pounds
torque coefficient (Q/pT72D3)
propeller torque, pound-feet
propeller diameter, feet
wing span, feet
wing area, square feet
pressure coefficient ((p–pO)/g)
local static pressure
free-siream static pressure __
yawing moment, foot-pounds
mass density of air, slugs per cubic foot
mass density of air at sea leveI, slugs per cubic foot
yawing-moment coefficient, tail off (N’/qS6)

maximum yawing veIocity, radians per second

angular acceleration in yaw, radians per second 2

first maximum angular acce~eration in yaw, radians
per second z

seco~d maximum angular acceleration in yaw,
radians per second 2

maximum pitching velocity, radians per second”

first maximum anguIar acceleration in pitch, radians
per second z

time intervaI during which maneuver is allowed to
coniinue before rudder is yeturne~ to zero,
seconds

increment in angle of attack 01 vertical tail, degrees

rate of change of yawing-momenb coefficie~t with
siclesIip angle (tail Off)

(–)dCN
dj ,

measured rate of change of normal-force coe-ffleient
on vertica’1 tail with angle of sideslip, including
the effect of rudder deflection

dfi
rate of change of sideslip with change in rudder

(18,
angle (from steady sideslip measurements)

CK7.

Hd& ,
estimated rate of change of lift coefficient with con-

trol deflection for isolated verticaI tail (1.10 per
radian)

(–)

dCL
da” ,

estimated rate of change of lift coefficient with
angle of attack for isolated ~~ertical tail (1.43 per
radian)

da
()E,

estimated rudder effectiveness (0.77)

DEFINITIONS

Deflection load: Maximum incremeut in load due to
abrupt control cleflection at the start of maneuver (first load
peak).

Dynamic load: Maximum increment in Ioxd including
load due_to the static balance conditiou for rudder deflcclcd,
load due to transient overshoot, and load due to rudder re-
versal (second load peak).

U–type control manipulation: FfypotlLelical controI nmnip-
ulation in which both the initial kick amd the return of
rudder kve the same amount and rate of control deflection.

APPARATUS

Test airplane.—The investigation was conducted on a
modified Gln%iss P40K airplane which is a Iow-wirrg fighkr
airplane with a gross weight of about 8200 polln[ls .atd
equipped with a V–171 o-I?4R Allison engine rat cd at- 1000
horsepower at a pressure altitucle of 10,800 fwt. Figure 1
shows photogr~phs of the test airplane. Figure 2 presents a
three-view dra.vring of the airplane; table I cent ains a lis~. of
some pert inent geometric ckarac bwistic.s.

The military equipment., radio, and fuselage gas tanks were
removed to permit the installation of the recording irlstru-
ments. The airplane was flown with a center-of-gravity
location of 29.5 percenL of thti mean aerodynamic chord.

Tail surfaces,—h~ order to impro Ye the direct ions] st ability
characteristics and to permii the pilo L to fly more easily
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(8.) One-quarter frontview.

~lGuREL-Test airpkme.
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in table I.

through the speed rrmge with only one setting of the rudder-
trim tab, a &u extension was added (see fig. 3), and the fin
offset n-as changed from 1%0 left to 0° offset m suggested in
reference 6.

The horizonta~ tail surfaces were unchanged with the
exception of the fairiig added a~ the junctue of the fin
and horizontal tail to co-rer the presure lines. The amount
of protuberance of this fairing is shown in the photo=~aphs
in figure 4.

OriEices mere installed opposite each other on the left and
right. sides of the vertical tail at the Iocations shown in
figme ~.

Flight instruments .—l-nstruments inst ailed to measme the
diHerentiaI pressures, the control forces, the control deflec-
tions, and the motions of the airpIane were as follows:

(1) 3f.ulticeIl manometers to measure the differential
pressures over the v-ertiml tail surface at the points show-n
in figure 5.

(2) h ~.l~il airspeecI recorder with the sw-i~-elling static
head located approximately one chord forward of the righi
wing tip. (See fig. 1 (a).)

(3) ControI-force recorders which measured the forces
exerted by the pilot on the stick (aileron and elevator) and on
the rudder pedals.

(4) NTX!.% electrical controI-position recorders which
measured the elevator- and rudder-control positiom~ at points
on these controIs near the fuseIage center Line.

(5) ~ sideslip-angIe recorder mounted approximately one-
half chord abo~e and one chord forward of the left wing
tip. (See fig. 1 (a).)

(6) &celerometers which recorded transverse ancI normal
accelerations at points 59 and 152 inches behind the center
of gratify.

(7) Turnmet ers which measured the angular -reIocities
in yam, pitch, and roll.

(S) k timer used to synchronize dl records.
I?rior to each test the pilot noted the manifold pressure, the

pressure altitude, the airspeed, and the cockpit settings
of the rudder, elevator, and aderon trim tabs.

TEST PROGRAM

The test program may be ditided into three parts: (1) tests
conducted to obtain steady-flight data, (2) tests in which
rudder kicks -were made, and (3) tests in which fi+hta”il

,maneuvers were made. ~ speeds mentioned are equivalent
airspeeds.

Steady-flight runs.—hasmuch as the vertical-tail loads on
an airplane are related to its steady-sideslip characteristics,
a number of steady-flight runs were made at various values
of stead~ sidesJip and speed, and at tw-o pow-er conditio~~.
The data were recorded after the pilot had trimmed the
airplane at the test condition. Runs -were obtained through
a speed range of 100 to 380 miles per hour with power on
(power for Ie~el flight. or rated power -when ~ecessafi) ‘rind
100 to 220 miles per honr with power off.

Rudder kicks,-Rudder kicks (single abrupt rudder deflec-
tions) are useful in the study of the directional stabdity
characteristics of an airplane and for the in-restigation of
the effects of rate, amount, and direction of control deflection
on the -rerticaI-tail loads.

~ total of approximately 50 Ieft and right ruclder kicks
were made during which pressure distributions mere
measured. Of these rms, appro.xirnateIy 30 were kicks
from the w-ings-lewl condition and 20 were kicks against
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an initial steady siclesIip. The runs were made at speeds
of approximately 100, 200, and 300 miles per how with power
On and power. off. The rudcler kicks were performed at
medium and fast rates from trimmed flight. In addition,
70 rudder kicks in which loads were not measurecl were
found to be usefuI in the analysis.

Fishtail maneuvers. —Fisl~t&il maneu~-ers (periodic rudder
oscillations) were made with power off and power on at
speeds of 150 and 200 miles per hour during which the piIo t

at~emp ted to ma.timjze the loads on the vertical taiI. Also,
runs were macie at, 150 miles per ILOur during which 1110
pilot appliecl an abrupt. rudder deff ection against the swii~g
at the time of m~ximum yawing velocity. .i second pilot
was asked to perform mild fishtail maneuvers at. spwls
of 200, 250, 300, and 350 miles per hour. For this series
the pilot was free to use M much coordination as he ]vishwi so
thak informat ion would bc obt ainccl to evallla te the’ maneuver
under such conditions.
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FIIiC_RE 5.—Location of orifma?s at which pre.smres wereme?.ssed.

METHODS

Pressure distributions.—The records used in evaluating
the pressure distributions trere read at time -i-alues which
woukl pwm.it an accurate time hhtory to be represented.
The chordwise integrations were performed in t~o ptirts
so that the chorchtie and spanwise Ioacls could be obtained
separately for the iin and rudder. .% numericaI method
of obtaining the spanwise center of load on the fin ~as used.

Other records.—The angle of sideslip for the steady-sideslip
resuh.s -iras corrected for the effect of inilow as deter-
minecl from the results of a calibration flight in which similar
sideslip-angle recorders were imtaled on each wing tip.
Thk correction w-as not made for the sidesIip-angIe records
in the time histories since only incremental vaIues were
used in the analysis and the angle of inflow correction was
nearly constant throughou6 the maneurer.

The only other corrections made w-ere the corupressibihty
correct ion to the airspeed and the correction to the rudder
and elevator angles for the amount of trim-tab deflection
required to keep the wings in Ievel trim.

The rate of control deflection and angular accelerations
were obtained by mechanically differentiating the controI
deflection and the angular-velocity records, respectively.

Separation of load components.—The method of separa-
tion of load components on the vertical tail w-as found to be
accomplished most corrreniently by considering the load to
be made up of two components: one necessary to balance
the unstable wing-fuseIage yawing momen~ in sideslip and
one due to yawing acceleration, or

(1)

Ho~ever, some use KM also made of the expression for the
load in terms of effective angIe of attack at the tail; that is,

(2)

where, approximately,
da

()
A%= –6+ ~, *A8T

The form of equation (1) is particularly useful in the
present case because both the parameter dCJd@ and the
factor lz/r, were cleriwable from flight. results as shown
subsequently herein and ako because the maximum loacls
could be defined when only the wdue of maximum yawing
acceleration ~ and the maximum angle of sideslip A@ were
known.
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RESULTS AND D1SCUSS1ON—STEADY FLIGH’1’

Wings level,—The pertinent data obtained from tests with
wings level are shown plotted in figures 6 and 7, Figure 6
shows the varifi tion with speed of the amount of rudder,
elevator, and sideslip angle required to maintain wings level
for power on ancl power off. Figure 7 shows the variation
of the normal-force coefficients over the. fin, rudder, and total
vertical tail, and the spanwise variation of center of load on
the fin with speed. = These curves are typical for a single-
engine airplane. The variations shown in figures 6 and 7
are caused by the effects of propeIIer rotation in producing
a twisting slipstream and by a direct asymmetric thrust due
to the inclined propeller, with power off the, variations
are probably the result of a windmiIIing propeller, par-
ticularity at speeds lower than 200 miles per hour where the
amount of bIsde adjustment possible is insufllcient to
maintain the rotation of the constant-speed propeller.
The sptinwisc center of load on the fin moves outboard with
decreasing speed but, from consideration of the loads, this
movement with wings level is no k very significant lie cause
of the smaIl bending moments involved.

Steady sideslip.-Steady-sideslip data are presented in
tabIe 11 and in figures 8 to 12. The data are shown as
incremental values rneasurecl from the condition with wings
Ievel.

Figure 8 presents the changes in rudcler deflec~ion, rudder
peclal force, and elevator deflection required for changes in
sidesIip measurccl from the wings-level trim vaIuc. The incre-
me.n~s in pedal force are shown as pedal-force factors, which
are obtained by dividing the pedal force by the dynamic
pressure so that the data from aIl speeds may be combinecl.

T /00 200 –300 400

k-[GVRE 6.—Variation with equivalent airspeedof rudder and elel-ator control deflections

(for tab at zero) and angle of sideslip (corrected for inflow) required to maintain wings

leveI with power on and power off.

The change in ele-rater angle required wilh a chtinge in
sideslip results from a change in the pitching moment of the
airplane with sideslip. The variation of ruc[dcr angIe with
angle of sideslip is see~ to be approximatdy linear throughout
the speed range. Figure 9 presents the vtiriation of the
normal-force coefficient with sideslip for the rudder, fin, and
total vertical tail surface, The variations showD arc con-
sistent with the trends of figure 8. The rate of change of
normal-force coefficient, on the vertical tail with angle of

dC,v

“ (–)‘idesllp fib ,
is used to define the Ioad rcqllircd on the

vertical tail to balance the uns tabIe yawing moment of [lIC
wing-f uselage configuration. I?rom this vduc tho paramrtcr
d~.jdfi may be obtained~as

Figure 10 presents isometric views of the pressure distribut-
ion over the vertical tail at vwious ifmwne]ltal values of
sideslip for power on at an airspwd d 220 miles per hour,
The spanwise load distributions on the fin and rudder corres-
ponding to the isometric. diagrams of figure 10 are. shown in
figure 11.

E~u;.o/enf c+.s,ueed, <, mph

FIGURE 7.—Variation with equivalent airspeed of normal-force coelllcicnts on sur[mes of

vertical taiI for wiugs in le~el flight with power on and powc~off~~dy~~lwti~nof sp~nrvise

center of pressure on fin.
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Figure 12 shows the wwiation of spmmvise center of load
on the h with change in sideslip from the wings-level trim
value at airspeeds of 100, 160, and 220 miles per hour. With
change in sideslip from the wings-level condition, according
to figure 12, an inboard mo-rement of the spanw-ise center of
Ioad occurs which is probably a rw.dt. of the displacement
of the taiI from the region of greatest fuselage boundary
layer.

RESULTS AND D1SCUSS1ON—RUDDER KICKS

TIME HISTORIES

Data pertaining to the rudder kicks are pIottedin figures 13
to 41. The data for aII the rudder kicks are shown in
tables III and Ii’. Before a detailed analysis of the Ioads is
made, it would be of vaIue to note the gened nature of the
airplane motion and the sequence of events. For this pur-

pose typical time histories of the meas~ements me sho~~~ in
figures 13 to 18.

Figures 13 and 15 present the time histories of right. and
left rudder kicks, respectively, made at airspeeds of 100,200,
and 300 miles per hour with power on. The normal load on
the fin, rudder, and total -rerticaI taiI surfaces associated
with these measurements are shown in figures 14 and 16.
Time histories for two rudder kicks appLied against initiaI
steady sidedips to the Ieft and righ~ made at airspeeds of 200
miles pw hour are shown in figure 17 and corresponding
normal loads on the vertical tail surfaces, in figure 18.

TAIL SURFACES DURING RUDDER KICKS AiYD FISHTAILS ’197
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FIGURE ll.+panwise load distributions on fiandrudder corresponding totheisometriw of5gwelO.

From ast@of the time histories thefollowings equence
of events and items of interest may be observed:

(1) Before the maneuver is started, the airplane is in stead,v
trim flight as indicated by the constant initial values of the
variables.

(2) After the application of an abrupt peclaI force a lag
of the order of a fraction of a second occurs before the rudder
begins to respond because. of ffexibili ty in the control system.

(3) The airplane begins to yaw as soon as the rudder is
deflected.

(4) The greatest rate of change of yawing velocity (the
maximum yawing acceleration) following the rudder

deflection occurs before the value of sicleslip has chfinged
from the trim condition.

(5) The time intcrvaI from the start. of the mancl]ver @
the time the maximum yawing velocity is rcaclled is, roughIy,
inversely propor~ionfd to the airspeed.

The time histories show that an ripprwiabIe amoun~ of
pitching is induced during the maneuver. ll~ith right. rudder
deflection the pitching is nose-down and with lcf t. rudder
deflection it is nose-up. The pitching is caused primarily by
two eflects; namely, the precessional moment \Vhicl~results
from yawing the propeller disk tmcl the chango in airpIfine
pitching moment witl~ sideslip. The prcrcssiomd eflcc~
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+wrernent of .5k.@4P afig?e,M, *

(a)1’.=ICOmilesper hour.

[b) 1’.= I@3 mifes per hour.

[cl 1’4=220 miles per hour.

FIGL_RE 12.—Variation of spanwisw center of pressnre on En with change in sideslip from

wings-krel condition at t“, = 103, 1!33, and .220 miles per hoar with power on.

leads the effect of sideslip by a phase relation of approxi-
mately 90° since it depencls upon the yawing velocity rather
than the angk of yaw. Also, the sign of the precessional
pitching raome~t depends upon the direction of yawing;
whereas the sign of the airplane pitching moment due to
sideslip is negative regardless of sideslip direction, as is shown
by the -rariation of eIe-t-ator required with sidedip (fig. 8).
The net effects are additive for right rudder kicks and can-
celing for left rudder kicks. This resuIt expIaim the phase
difference bet ween the yawing-velocity cur-i-e and the pitching-
velocity cum-e for left and right rudder kicks. The comb-
ined effects for right ruclder kicks produce a decrement in
vertical acceleration as high as approximately 1.7g at the
center of gratity, as is indicated by figure 13 (c).

The time histories of the Ioads on the vertical tail surfaces
(figs. 14, 16, and 18) exhibit the same general characteristics
as the load -rariation on the horizontal tail following a.n
abrupt. elerci tor clefleet ion. The fist significant feature is
the Ioad peak due to the abrupt deflection of the rucIder.
This first Ioad-peak increment is termed the “deflection
load” herein. The second feature indicated bF the load
time histories is the build-up of load in the opposite direction
as the a.irpIane responds to the unbaIance created by the
control deflection. In seeking to assume a new static

equilibrium position a transient “overshoot” occurs, the
magnitude of .-which is a function of the dynamic lateral
stability of the airpIane. The maximum balance load thus
consists of a static-balance trim vaIue and a transient load.
This second load-peak increment is referred to as the
“dynamic load.”

The Ioad variation with time on the rudder and fin shows
that the rudder carries most of the deflection load; whereas
the fin carries most of the d-ynamic load.

The deflection Ioad and dynamic Ioad wilI be discussed
separately, use being made of the breakdown of the Ioad
into the component nece~sa~ to balance the unstable yawing
moment of the wing-fuselage combination and that associated
with the yawing acceleration. (See section entitIed
“31ethods.”) .< time history of the component. of load due
to each factor and a. comparison of the combined effects
with the measured ~ertical-t d loads is shown in figure 19
for flight 1la, run 1. .& expected, the agreemenh is particu-
larly good since the parameter d~#d8 (already shown) and
the factor Izjxz were determined mith the aid of e.xpwimentaI
resuIts. The details of deter mining Iz/z, -will be given in the
following section.

In the subsequent. discussion the definitions illustrated in
figure 20 maybe helpful.

DEFLECTION LO&D

General relations.—In the deflection load, as shown in
figure 192 the component of lozd necessary to balance the
umtabIe wing-fuselage moments in sidedip is absent and
the deflection load is defied by the an5@ar-acceleration
component only; therefore, when the -ralues of the tlrs~
Iawing acceleration ~1, the moment of inertia of the airpIane
Iz, and the taiI length r, are known, the load may be de-
termined b-y the reIation

This relation is shown in figure 21 in which the ma%imurg _____

yawing acceleration ~1 is seen to be linearIy related to the
experimentally determined deflection Ioad. This curve,
then, is an experimental determination of the factor Iz/x,.
Inasmuch as figure 21 shows that such a definite relat ionship
exists: it will be used in the subsequent anaIysis to determine
the deflection load from the value of yawing acceleration
only. This relationship permits determination of tail loads
by use of the rudder-kick data presented in table Iv for
-which direct tail-Ioad measurements were not. avai~able.

k an introduction to the factors which affect the magni-
tude of the defection load, it is convenient to consider two
extremes of controI manipulation-zero and tilte rates
of rucIcler deflection. Vilen the rate oi rudder deflection is
zero or very slow, the airplane fl adjust itself to a new
static equilibrium position as each infinitesima.I increment of
unbalance is impressed and the deflection load wilI be zero
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FIGURE 13.—Tlme histories of three abrupt rudder kicks to the right made at l’,=lfxl, ~, and 300:milm per hour with power on.

hour.

—

regardless of the amount of controI deflection or the airplane equaI to that on an isolated taiI with a value corresponding
stability or mass c.haracteristic.s, When the -rate of rudder to the amount of control deflection atttiined, tha~ is,
deflection is infinite, however, because of the inertia about
the Z-axis, the lifti is experienced before the airplane can

()
AN.,= ‘~ A8,q&

respond and the deflection load become.s approximately TV
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FIGCRE 14.—Time histories of normaIforc+es on rertical t2if aurfsces for right rudder kicks of
tigue 13.

For actwd cases where the rate of deflection is between zero
and fity, the deflection load is dependent. upon the rate
of deflection, amount of deflection> a~d the response
characteristics of the airpIane.

For an airplane of gi-ren characteristics the amount. of
controI deflection that can be applied and the response
characteristics of the airpIane are: in general, fixed so that
it. becomes cormetient to consider the rate of controI deflec-
tion as the prime determinant of the deflection load. The
deflection load thus invol-res a determination of (I) the
masimum rate of control deflection the pilot employs and
(2) the load corresponding to this maximum rate.

Rate of control deflection. -From the many rudder kicks
performed in this in-restigation some information w-as
obtained w-hieh pertained to the rate at which the controls
were detlected. It is to be emphasized that these m-e the
rates that the piIot actuaIly used, which may or may not be
those of which he is physically capabIe.

Data. pertaining to the maximum rate at which the pilot
deflects the rudder is shown in figures 2-2 (a), 23 (a], and
2?4 (a) for kicks made from the wings-lewd condition and in
figures 22 (b), 23 (b), and 24 (b) for kicks against an initial
sideslip.

ss302f+5&33

“~In figure 22 (a], the rates of controI deflection are shown
pIotted against airspeed for all rudder kicks made from the
wings-level condition and in figure 23 (a) the rates am plotted
against the maximum incremental peclal force. The faired
lines in fi=we 23 (a) defie the errrelope of the maximum
rate of controI deflection attained. The maximum rate of - “-
deflection is noted to decrease with increase of pedaI force,
or amount of resistance to deflection. This result is in &gree-
ment with the remdts of tests made on the gromd to deter-
mine the rates of eIe-rater deflection used by a number of ___
pilots @@ference 7). On the basis of the relation indicated
in figure 23 (a), the en~elope describing the maximum rate
(fig. 22 (a)) can be explained by the amount of resistance
encountered. For instance, the rate of control deflection
is greatest for the condition of power. off and low speed.

In figure 24 (a) the ratio of rate of control deflection and
amount of control deflection is plotted against speed for
power on and power off. This figure shows that. the ratio
~,[A& approaches an upper Iimit of 10; the reciprocal of this
ratio signifies that the minimum time to reach the highest
control deflection the pflob can attain at. each flight condition
is a constant equaj to 0.1 second. The conclusion that the
ratio A6,/~, is a constanL ma-y be deduced from the fact that
both the maximum amounk of deflection t~e pilot can attain
A;r and the maximum rate of deflection & are proportional
to the same factor (the pedal force). It ;houId be pointed
out here that the rate of co~troI deflection &used in the ratio
is the maximum measured ,during each rudder kick (see
symboIs) so that the minimum time vaIue is derived from
values of the ratio, which are themselves minimums.

SimiIar data obtained from the rudder kicks against. an
initial sideslip are presented superposed ort the data ob-
tained from kicks made from the wings-Ievel condition in
figures 22 (b), 23 @), and 24 (b). It. is shown in both
figures 22 (b) and 23 (b) that the rates of deflection are __
higher than the maximums defined by the envelope for the
data for rudder kicks from the w-ings-IewI condition. This
result is obtainecl because the increment in pedal force is
measured from the initial sidesIip value, which in this case
is a.n untrimmed value, so that a resistance to deflection is
indicated that is higher than actually exists. ~ctualIy, the
rudder t-ends to move toward the trim position of its own
accord -when the pilot releases it to appI-y opposite rudder.
Figure 24 (b) shows thafi the time to reach the masimum rud-
der deflection is the same constant vaIue w that obtai~ed by
rudder kicks from the wings-IeveI condition. In this case,
the greater rates are etidentIy balanced by a greater incre-
ment. of control deflection.

Deflection load associated with maximum rate. of control
deflection.-The maximum deffectiori load per unit rudder
deflection is shown plotted against d=mamic pressure in
figure 25 and is compared with the va.Iue computed from the
geometiic parameters of the tail for an infinite rategf deflec-
tion. The loads with power on are shown to be ~gp-eaterthan
the computed values at the lower speeds due to the fact that
for the computed ~aIues the dynamic pressure at the tail
was assumed to be equaI to the free-stream dynamic pressure.
.lt. high speeds the actuaI maximum load experienced is
almost 100 percent of that for an infinite rate of control
deflection for this airplane.
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.4s pre-riously mentioned, the maximum rate of controI

deflection ~=0.1 is based upon the assumption of a linear-

type contro~ deflection which has a constant rate equal to the
measured maximum rate. This assumed eontroI deflection
compared with a typicaI flight controI deflection is shown in
figure 26 (a). In Hgure 26 (b) the theoretical effect of rate
of rudder movement. on the deflection load is shown. The
computations were made for the Iinear-type controI deflec-
tiort by the method indicated in reference 5. The figure
shows the deflection load in percent. of the load for an in-

finite rate of deflection $6’=0 plotted against the time t.o

reach rna.xhnum deffecti~n A&/~,. For the maximum rate
of control deflection used by the pilot (a minimum time to
reach maximum deflection of 0.1 see) the load at. 100 miles
per hour is almost equal to that for a infinite rate of defiec-
t ion. At higher speeds the rat-e becomes more critical in
that the airpIane responds more rapidIy; however, even a.t a
speed of 300 miles per hour the deflection Ioad for a controI

AND FLSETAILS 503

deflection compIeted in 0.1 second is approximately 95
percent of that for an infinite rate.

DYKA>ncLoAll
I

General reIations.—In fi=gwre19 time histories of the gon]-
ponent of load on the tail associated fith the angular
acceleration and the component due to sideslip are shown
for one run, together with a comparison of the time histories
of the summation of the components and the measured
vertical-taiI Ioad. In figure 27 the measured dynamic loads
me <&o~ compared with the Ioad computed from the

relation

The data for rudder kicks agaiust sideslip (fig. 27 (b)) are . .
noted to have a slightly different slope from those of rudder
kicks from the wings-level condition (fig. 27 (a)). .The . _
diilerence is presumed to be a result of differences in the
action of secondary effects such as damping in roil or linear
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acceleration, The comparisons, however, indicate that
for the test airplane the equation adequately represents the
dynamic-loads clata. Thus the dynamic load foIIowing a
rudder kick may be easily determined if the maximum value
of sidesIip A13and yawing acceleration & are a~ailable.

Some further discussion is meedecl regarding the factors
which affect the angIe of sideslip and the angular acceleration
attained.

Angle of sideslip.-For steady sicleslips the amount of

..:

.

—

Jr with power on,

sicle.slip at iained by a given rudder angle is proportional to
the factor d~fdd, fig. 8). In abrupt, ruckkr ki~lis, howwvcr,
for an airplane with less than critical damping, a transitory
angle of sideslip which is greater thaxl the final steady sidcslip
will occur. For the case of zero clirectionml clamping and an
abrupt iwdder deflection, this transitory angle of sideslip
would amount to twice the steady-state value of sideslip for
,the same rudder angle or 2 (dp/d8,).

The test airplane hEISIo!v directiol~al damping (m do most
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FIG~E 18.—Time histories of norm?.I force on ~erticaf taif SUFJWS for rudder kicks against

initi!!l .<deslip of Egure 17.

conventional airplanes) so that an o-rersboot resulting in a
magnification factor of 1.5 t-o 2.0 over the steady-state due
is to he expected. An approximate vaIue of this factor for
the test airplane may be obtained from figure 28 (a) vihich
shofvs a plot of the ratio of angle of sideslip reached in rudder
kicks to the ~alue which WOUICIbe reached in steady sideslips
with the same rudder angle. .&t speeds of 100 and 200 miles
per hour the full magnification factor is not ~eachad because
the rudder genercdIy is reversed before the mcmeu~er has
cent inuecl long enough for the potential sideslip angle to be
reaIizecl. ‘llw early rudder reversal relati~-e to the time of
maximum sideslip is shown in the time histories of the rudder
kicks mack at Iow speed (see fig. 13) and the computed effect
of various times of rudder reversal on the sideslip reached is
shown in figure 28 (b). A.t 300 miles per hour the ruc~der,
in general, -was hdd Iong enough for the full sicleslip to be
realized so thzt the rnaewification factor of approximately 1.5
obtained at this speed is believed +0 be near the true value
for the test airpIane.

Angular acceleration .—Th~ maximum anguIar acceIera tion
~~ is made up of the superposition of a compone~t that is
proportional to the amount of overshoot and a component
resulting from the reversal of the rudder. The component
due to the amount of o-iershoot depends upon the amount of
damping, being zero for the case of critical damping and
equal to the deflection angular acceleration ~1 for zero
darnping. The component of angular acceleration due to

—
T/me,sec

FIGTXE 19.—ComparLscm of mmsured load on rertical faif with snrn ofeomwnent aCload

necesssry co ‘c&mm wing and fussige moments and component assmiatwl with yawing

acceh?ration for flight lIa, run 1 (Figs.13 and 14). V>.=MPOmifes per hour.

ruclder reversal is dependent upon the rate and amount of
control deflection in the same manner as is the deflection
angular acceleration. If the re~ersal deflection has the same
rate ami amount. as the initial deflection (U-type rudcler man-
ipulation), the re-rersa.l component w-ill exactIy equal the de-
flection angular acceleration &.

The two parts making up the yawing acceleration ~, are
indicated in figure 29 in which the time histories of the load
associated with tile ya~ing acceleration o~y are sho}~m for
two rudder kicks in which the rudder w-as returned to zero
after dtierent time inter-ink. The time history for run 5
indicates the ma.ximmu angular acceleration without the
reversal; w-hereas in run 6 the ruclder w-as re-rersed at the
time of ma.tium sideslip so that the ma.timum yawing
acceleration inclucles the effect of rudder re-rersal. From this
figure it is e-dent that the rudder kick in which the marieuver
was stopped earIier results in higher loads because of the
superposition of the two yawing-acceleration components
near the time of their maximum values.



506 REPORT NO. 885—NATIONAL ADVISORY CO?QWPTEE FOR AERON.4UTICS

Dyr70m;c
b olonce
loud

,,

FIGURE 20.—Illustration of symbols used for slopes and incrementalvakrcs.

In order to indicate the Iilwlihood w-ith which the angular
accelerations superpose at their maximum wdues, the ratio
of the second peak angular acceleration to the first penk &/~1
is shown plotted against speed in figure 30 (a). In general,
an approach of the ratio to a factor of 2 would indicate that
the anguIar acceleration component superposed at their
peaks; without the reversal component the ratio WOUIC1be
less than 1.0 since the overshoot component of ~z aIone will
always be less t.hm the deflection value. Strictly spealiing
this value is obtained onIy for U-type controI manipulation
and, as indicated by some high values of the ratio (as high
as 2.45), the rudder was returned past the trim position in
some cases. The time histories (figs. 13 and 15) indicate,
however, thab although the rudder reversaI was made at
rates and amounts sometimes greater and sometimes Iess
than Lhe initial rudder kick the U-type manipulation repre-
sents an average type.

The computed effect of the time. interval during which the
rudder is held upon the manner of superposition of the angular
acceleration components is shown in figure 30 (b).

Tbe data of figure 30 (a) show that at 300 miles per hour
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the average of the components of angular acceleration clue
to overshoot and rudder reversal superpose near tlmir maxi-
mum values and ako thtat the U-type rudder mw~ipulation
is not an unduly conservative one as is sometimes felt in the
specification of co~ troI rnotiom.

Estimate of maximum value for dynamic load from flight.
data.-.kn approximate formula for the estimation of the
order ~f magnitude of the d~rmmic load wouhl assist in
assessing the relative significance of the fuctors involved.
For this purpose the expression for the 10MI on the vcr(icrtl
taiI in terms of m effective angle of attack is most convenient;
that is,

This expression is adequate when maximum values are con-
sidered inasmuch m the angular vdocity is zero at the limo
of maximum P; also, the sidewash factor may be assumed LO
be zero.
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(a) Rudder kicks from wings IereL (b) Rudder kicks sgainst initial sideslip.

FIGCRE !22.-Rates ofrudder deflection used by pilot plotted against equhdent ah-speed with ~wer on and ~wer off.

(a) Rudder kicks from wings lev& (b) Rudder kicks agaimt initial afdeslip.

FIG=E Z3.-Rate of rudder deflection plotted against increment of pedal form uss by pihk.
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(a) Rudder kicks horn wings levtl. (b) Rudder kicks :wlnst initi d sidcsli~l

FIGusm 24,—Reci~rocal of time to reach nm.sinmm rudder deflection against cquicalcnt airsp?ed with rmww on and rowrr off.
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The angIe of sideslip at tain(ml in a rudder kick mny Lo
written m

where dP/d& is the measumcl slope M obtained from stmcly
sicleslips and 1 is a. nmgnification fac.~or which, as no [cd
previously, would range from fL vah]c of 1 for a critically
damped airplane to a value of 2 for zero damping. Thus,

For the. critical cnse of a rudder rwwsaI at the time of

dt2L
maximum dynamic load the term —

()“d6r” ,
A6,q8, is nddcd

to the expression. If the revewd is assumed to h made
at an infinite rate and to be ecfuaI to the initifd dcktion,
the load becomes
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For the test. airphme d~/ch, is approxima.tel-y equaI to 1.5

(fig. 8) ancl as an upper-limit value, k= 2.0. The compaison
of the measured load with the load computed from the
approximate formula is shown by the line in figure 31.

LOLDDIsTRIBU~ON-

Ih order to furnish a general picture of the distribution of
load during a. rudder kick, isometric views of the pressure
distribution over the -rerticaI tail during right ancI left rud-
der kicks are shown in figure 32. The f@re shows the
distributions on the ~erticcd tail for steady flight, the time
of maximum deflection Ioad, an intermediate point in the
maneuver, ancl the time of maximum dynamic loacl. It can
be seeu from this fiagme ancI the time histories (figs. 14, 16,
and IS) that the rudcler carries most of the deflection load
and that, the fin carries most of the dynamic loacI. &
regards the chorclwise distribution of. Ioacl, all types of dis-
tributions appear to occur during the rudder kick.” The de-
flection load represents the zero--yaw full-ruclder load; the
intermediate point cluring the maneuver is the balance-type
load; and the maximum dynamic load is a high angle-of-
attack type of Ioad with high leading-edge pressures.

Distribution of load between rudder and fin.-Further
information orL the distribution of the Ioad between the
rudder ancl fin is given in figures 33 and 34. .k comparison
of the magnitude of the deflection Ioad on the rudder with
that on the total rertical tail is shown in figure 33 (a) for
rudder kicks from the wings-level condition and in figure

33 (b) for rudder kicks against initiaI sidesIip. As show
by the time I&tories of figures 14 and 16 the met.xigmm de-

..-

fiection loacl on the ruclder occurs. after the maximum on the
total verticaI tail so that the loacl values plotted in figure
33 do not necessarily occur &t the same time. From figure
33, the load on the rudder is found to be apprmimately
equal to the total deflection Ioacl. For the high Ioads which
were attained at 300 m.iIes per hour the ruclder deflection
load is actualIy greater than that on the total vertical tail.
‘Nis COB&tiOD results horn CLcombinatio~ of the lower rate _ __
of control dtiection with the more rapid airplane response,
with the consequence that the airplane starts to YEW before
the rudder has completed its tra-reI. The yawing velocity
imposes a Ioad on the fin that is opposite to the rudcler loacl
and results in a Iower net Ioad on the td. This effect is
illustrated in figure 32 by the higher pressures on the rudder -
at an intermediate point during the maneu~er rather than
at the time of maximum -rertical-tail deflection load.

A comparison of the deynamic loacl carried by the fin with
that carried by the totaI verticaI tail is shown in figure 34 (a)
for rudder kicks from the wings-Ievel condition and in fi@re
34 (b) for rudder kicks against. steac{y sideslip. Thg ~ is
show-n to carry approximately 90 percent of the dynamic
load in rudder kicks from the wings-level condition_ and ___
about. 100 percent, of the dyanmic load in kicks against
sidestip. W&n the fln carries a Ioctd greater thtm 100
percent, the, totaI Ioad incIudes a rudder Ioad in a clirection
opposite to that on the fin.

,.-



512 REPORT NO. -885—IQATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

($jlB““”
.;,..../:--,,.------,----

,J . . .

0.3 Sec

@

‘\\

,..-
,..-
...
/
,..

[.3 sec
(a)

f!!!!liiij
....““

%..... ......
-.. -..,

.,.- .%.

0.5 sec

@lii!!j
,:.,.....\....:...,...;.-,,’...

., . . . . .
. . .

... . .

0.8 see

gb
..,,....”

t,...,,.
i

....,’%....%.,
%,........-

-..,.,....,,.. ‘.

/.3 sec

~l$jj
.... ....-..-.,....-.,..,,
/.7 sec

(b)

(a) Flight ha, runl; right rudder kick. (h) l?light Ila, run3; Ieft rudder kick
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Spanwise and chordwise load distribution,—The span-
wise Ioacl distributions on the fin at, the time of maximum
fin load and on the rudder at the tirn-e of maximum rudder
load are presenked in figure 35 for power on and figure 37
for power off for the most severe ruckler kicks made in each
direction and at wwh test speed. The symbols in these
figures me used to distinguish chordwise-load points of two
runs having approximately the same value of load. The
chordwise pressure distributions over rib V (fig. 5) obtained
ai times corresponding to the times for which the spanwise
load distributions are shown are presented in figures 36
and 38.

Figure 39 shows that the spanwise center of load on the
fin varies slightly depending upon” the direction of kick as
well as upon the airspeed. On an average, the spanwise
center of load is 10 percent farther outboard than the air-
load distribution for which.. the surfaces were designed.
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(b) Rudder kicks agdmt initial sidcslip.

FIGURE 33.—Comparison of magdtude of deflection load on rudd:r with total deffect!on lo:vt

on vertical tafi in rudder kicks.

The chordwise load distributions in figures 36 and 38 show
that (except at an airspeed of 100 mph) ~le maximum fin load
is, in general, associated with a small value of load on the

I rudder, whereas the nmximum rudder load
intermediate point in the maneuver when
load due to y~wing.

LO~f)DIAGRAMS

The construction of load diagrams for

occurs during an
the tin has sofne

the vertid tail
surfaces may be made by the use of the foregoing rcsulk.

For instance, the deflection load was shown to bc critical for
the rudder. At high speeds the tota~ deflection load was less
than the load for an inffnite rate of control deflection (see fig.
25) but the load on the rudder was grea~er than 100 pmcent.
of the deflection load, and ii is therefore reasonable to assume
that the critical rudder load may be equal to tI.Ie tohd
deflection Ioad at an infinite rate of control deflection. Thus,

(?(2.(–)‘NT=A8’da, ,@v
In figure 40 (a) the load computed by this equation is shown
to compare well with the maximum vah]es of mcvwured rudder
lo~ds.

The dynamic. load was found to be critical for the fin.
The load on the fin may be expressed as some fraction K of
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lord on rerticA td in rudder kicks.

the deyna.mic Ioacl. The factor K may be determined from
the geometric characteristics of the tail for the assumption of
R hypothetical control motion in which the rucIder is returried
to zero at the time of masimum sideslip; that is,

‘K[-’W3Y4
For the test airplane the factor K for this condition -was

shown to be 90 percent in rudder kicks from the win=&eveI
rendition (fig. 34 [a)].

ln figure 40 this reIation is shown on the basis of the load
per degree rudder deflection against dynamic pressure along
with experimental vaIues. In the calculations the magtifica-

fi~
tion factor k -was assumed to be Z.O and d~, = 1.5.

The Ioad diagram in figure 41 w-as comtructed from the
prwer.hg formulas. The dashed lines show computed loads
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,5??t ruobgr kit.% —
Lef? rudder ktik --——-
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FIGURE 35.-<p3nwisse Iosd dktribtkions on the En and rudder fm’ the time of matim had

on each surface durimg redder kicks at V,=W W, ~d 3~ mffe~ Per hour ~~th Nrer off.

Symbok show chocdwiss Imds.
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for two pedal forces and the points represent the Iargest
experimental values obtained at equhmlent airspe&ls of 200
and 300 miles per hour.

RESULIW AND DISCILSSION-FISH~AIL MANEUVERS

~~ertical-tail failures have occurred on military airpIanes
during evasive action or fisht~il maneuvers. Some concern
has therefore been expressed about incIuding the fishtail
maneuver as a critical design condition because the weight
penalty for adequate strength was considered prohibitive.
In addition, there was for a time an impression among some
designers that the vertical tail could fail on any airplane if
the rudder were deflected in a sinusoidal manner at the
natural frequency of the airplane. Consequently, it seemed
to be in order tht a specification be made as to how far the
maneuver was to be continued, For this purpose, an analo-
gous system which is familiar in simple dynamics may be
used to furnish useful information concerning the fishtaiI
maneuvers.
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FIGURE 37. —Spanwise load distributions on the fln and rudder for the time of maximum load

on each surface during ”mdder kicks at I’,=MO, W ~d 3~ m~cs Pm hour with po~~~r oa.

Symbols show chordwise Ioads.
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COXSIDERATIOXS FROM SIMPLE DYiA%lICS

As was pointed out in reference 5, the fishtail maneuver
ca~ be assumed to be a flat yawing maneuver so that the
soIution to this problem might be equivalent to that for a
linear singIe-spring system. A brief review of -well-know-n
resuIts of the spring system from simple dynamics wi~ there-
fore furnish a useful background. The curves shown in
figure 42 (take~ from reference 8) apply to the case of an
externaI sinusoidal force acting upon the spring system.

Figure 42 (a) shows the amplitude magnification factor
plotted against the ratio of the frequency of the impressed
force to the matural frequency of the system for systems hav-
ing different ratios of damping to critical damping. In figure
42 (b) the phase relation between the impressed force and
the amplitude is presented for the same conditions. In
terms of what. happens in the fishtail maneuvers the follow-
ing observation may be made from thisfigure.

(1) For an airplane with some damping the sidesl.ip (or

60
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z 50
%.C
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i%
2%40
$:

~ U60
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-: Q

& 50
+

40
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(8)Power on.

(b) Power off.

FIGCBE 39.—Variation with eqtivaIeM %irsPQed of the spmwise center of Iaad cm the fm at

the time of m~timn h load for moA ssmre redder kicks with power on and pawer off.

amplitude) magnification will reach. a finite equilibrirn value
even for the case of a rudder oscillation hatig the same
frequency as the airplane. The amount. of magnification is
dependent upon the ratio of the damping to the criticaI
damping and, of course, upon the frequericy at which the
rudder is deflected reIative to the natural frequency of the
airplane.

(2) The rudder angle (or forcing function) is out of phase
with the angIe of sideslip (or amplitude) by an amount de-
pending upon the amount of reIative damping. At reso-
nance, however, the phase relation is always 90°. For
resonance, therefore, for a perfect. fishtail, the rudder. aggle
ti be zero at the time of raa.simum sideslip and maximum
at the point. of zero sidesIip.

Ii should be noted at this point that these curves could
have been derived in terms of loads in which case the magni-
fications of figure 42 (a) would then be Expressed in terms of
load ma5@fication. For the case -where the impressed
frequency is the same as the airplane frequency, in w-hich
case the rudder deflection would be zero at. the time of
maximum sidedip (@. 42 (b)), the expression for the Ioad ___
in z fishtail maneuver would become

ANALYSIS OF TESTS

The results obtained during the fishtail investigation are
given in table y. The first eight of these flshtaik were
sfightly mtificial since the pilot deliberately tried to obtain
high tail loads, whereas the last, four were made in as natural
and comfort able a. manner as possible.

The fist set of maneuvers was intended to show how
criticaI the maneuver could be if the pilot deliberately tried
to work the rudder controI at the same frequency as the air-
plane frequency in order to reach high angIes of yaw. The
time hktories of these maneuvers are presented in figures 43
and 44 for the power-on and power-off maneuvers made at
150 and 200 mrdes per hour, respectively. h figure 45 are __
presented power-on and power-off fishtail maneuvers in
-which the pilot kicked the rudder against the swing at the - _
point of ma.timum yawing -reIocity. All of these maneuvers
(Hgs. 43 to 45) were ve~y uDcomfortabIe to the pfiot because
of the serere pitching ~hich resulted.
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The second set of tests consisted of the fishtaiI maneuvers
in which a diflerent piIo t performed a milcl fishtail maneuver
in as comfortable a manner as possible. These maneuvers are
presentWI infigures4(?Jand 47 at speeds of 200 and 250 miles
per hour and 300 and 350 miles per hour, respectively.

A st ucly of the time histories of the fishtail maneu~-ers
yields the foIl_owing deductions:

(1) The, maneuvers in which the pilot was free to coorcli-
nat c the controls show that the pit thing was very much less,

with the result. that the maneuver was Dot pm-~iculflrly
uncomfortable.

(2) within only one cycle of rudder motion [he loads
attain values close to the maximum measured during the
whole maneuver.

(3) As the maneuver continues} the Ioad on tl~r rudder
tends to bear the 90° phase relation with the load 011 the fiI1.
This resdt. is inclicatcxl in figure 42 (b) for the condition of
resonance..
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(1] The abrupt rudder deflection appIieci agaim~t the maxi-
mum velocity of swing resuIts in high rudder loacls (fig. 45j.

If the rudcler is moved against the airplane swing, the phase
relation of the rudder ancl fin Ioads is disturbed so that the
Ioack become adclitive.

Frequency of rudder operation with relation to frequency
of airplane.-One of the points of interest in the fishtaiI tests
was to note whether, as might, be expected, the pilot tends to
move the ruclc?er in phase with the airplane frequency. b
order to obtain the average rudcIer frequency for each
maneuver, the actual control manipulation m-as arbitrarily
approximated by a sine functiori. The ruclder controI cle-
flections for all 12 runs are shown in fiLwe 4S in nondimen-
sional form; the actual control deflection was di-ricled by the
amplitude of the sine curve used in the approximation of the
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motion. The assumed sine curves are also shown. The
natural frequency j, of the airplane ~~as computed from the
expression

/j~=;- K,–+

wlwre K1 WICI h’1 are determined from the awodynamic
characteristics of the airplane and are defined b? equation
(5) of reference 5.

Inasmuch as the period l/~. is a more usual way of plotting
the airpIane response, the data are shown plotted in that man-
ner in figure 49. From this figure it is seen that the fishtail
maneu-rers macie by the pilot when his actions -were unre-
stricted (symbols with taik) were as close to the airpIane
period as those maneuvers in -which he tit tempt ecI to -work
the controls at the same period as the airplane. .-Although
the control cIeflections are fiegular, the res~ts ~dicate that _
the pilot does tend to work the controls in phase with the
airplane frequency in performing a fishtal
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Comparisons between measured and estimated Ioad,—
.1 comparison of the measured IoacLs with those compu tee{ on
the basis of tie theory of tizt -yaw@ (reference 5) is pre-
sented in figure 50, which shows the ma.simurn tail load
measurecl per cIegree of rudder deflection during each run.
liean amplitudes of rudc{er deflection were used to obtain
the experimental vaIues of load per degree. AIso included
in figure 50 is a line corresponding to the IoacI per degree for
a control motion in which the rudder wns assumed to be
returned to trim at the time of maximum .sides]ip. FigWe 5(I

shows that the Ioads measured during the fishtaiI did not
reach the computed resommt. vaIue” but were more nearly
equal to the ~aIues given by the equation representing the
hypothetical U-type controI motion.

LOAD DISTRIBUTfOSS

The tlshtaiI maneuvers, as indicated by simpIe dynamics,
yield an angIe-of-attack load with rudder at zero deflection
pIus a zero-yaw- fulI-rudder Ioad accorcIing to the phase
reIations indicated by figure 4-2 (b).

Figure 51 presents the spauwise load distributions over the
rudder and fin at various times during the power-an fishtail
manem-ers of figure= 43, 44, and 45. The spanwise and
chord-rise Ioad distributions over fin and rudder and chord-
wise load distributions over rib ?T during the fishtails of
figures 46 and 47 aye presented in figures 52 and 53, respec-
ti-rely. Figgre 54 (a) presents the center of load on the fin
at the times of maximum Ioack on the fin cluring the flshtaiI
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(a) Flight 16, run 1; Mgh yaw angle; 1’.= 150 miles per hour. (b) Flight 25?, rmr 1; high yaw angle; 1’.=220 miles per hour. (c) Flight ISa, run 1; kick sgdnst swb}g; I’,=IYJ mllcs
per hour.

FIGURE 51.—Spanw1se load dktributiom o\-er the rudder and fin at various times during the power-cm fishtails of figuras 43,44, and 45.
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FIG~E 52._qpzmtiw Ioad dktributiom o’w.r fin and rudder and chordwise !oad dktrI%utions o’wr rfb V (see fig. 5) at times of maximum Y8W for fkhtsils Of figure 46.

&o, for illustrative purposes, time histories of the center-of-
Ioad variation during the fkhtails of figures 46 and 47 are I
presented in figure 51 (b).

CON”CLUS1OXS

The eoneIusions are grouped under the general subject

heading from which they w-ere deri~ed.

First Ioad peak following a rudder kick (deflection Ioad)

1. The deflection Ioad can be determined with sufficient
accuracy by the product of the moment of inertia and the
firs~ maximum yawing acceleration divided by the t%il length.

2. The minimum time used by the piIot to attain the
maximum rudder deflection at each flight condition appears
to be a constant.

3. The deflection Ioad on the verticaI tail of the test air-

pIane reaches -ralues close to those for an infinite rate of
control deflection.

Second load peak following a rudder kick (dynamic Ioad)

1. The dynamic load can be determined with sufficient
accuracy by the sum of the component of load necessary to
bakmce the unstable yawing moment of the wing-fuselage
combination in sideslip and the componenk of Ioad due to
an~gilar acceleration in yaw.

2. After the initiaI rudder kick the return of the rudder
to trim was, in general, made at the time of maximum side-
slip so that. the load due to abrupt reversal of the rudder
was superimposed at the time of maximum overshoot load.

3. .4 rational approximate formula based upon a U-type
control defection satisfactorily expresses the upper limit
value of the measured dynamic loads for this airpIane. This
formula is in terms of the sideslip-rudder ratio from steady-
tlight results and a magniikation factor which considws the
amount of directions.I damping in the airplane.
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FIC,URE 53,-Spanwise load distributions over fin and rudder and chor(lwise load distributions over rib 1’ (see fig. 5) 5t times of msximum yaw km fishhikof figure 47.

~ (b)

(b) Flight 26, mu z 1’,=350 miles per hour.

Load distributions I
1. The critical Ioads on the rudcler are associated with the

deflection load. The deflection IOCLC1on. the rudcler is ap-
proximately equal to the total deflcctiou load on. the taiI.

2. The critical loads on the fin me associated ~~-ith the
dynamic load cm the tail. The upper limit of the measured

dynamic Io&ds on the fin is satisfactorily cxprcsswl as the
fraction.~f bhe total dynamic Ioad which wo uhl be carried
for the, rudder at zero.

3. At the time of maximum fin load the span!visc cc~ltcr
of load on the fin is 10 percent farther outboard tlmn tllc
design air-load distribution,
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fiioe, s-cc

(al Center of pressureattimeof m-wn Ioad.

(b) Time history of center of pre=smre.

FIGCEE 54-~panwise center of pressure on fi at time of maximum IOad 0~ fin for P.USShtiJif

mmeurers against equi~slent airspeed and tfme hfstory of spanwiss center of pressure

during flsbhai~ rnaneurers of @es % and 47.

Fishtail maneuvers

1. The maximum Ioads measured during the fishtail ma-
neu~-crs were no greater than those which would resuIt from
a hypothetical l-f-type rudder kick in which the rudder is
returned to zero at the time of maximum sidedip.

2. .4s might be eipeeted, the pilot tends to work the rudder
in phase with the natural frequemy of the airplane.

:3. -&t resonance the rudder angle and sideslip angIe are
90° out of phase so thab at. maximum sidesLip the rudder
deflection is zero and the load is proportional to the sideslip
angle.

4. An abrupt stopping action in which the rudder is kicked
against the swing results in high rudder loads. If the control
k worked against. the airplane swing, the phase reIation be-
tween the rudder and fin loads is disturbed so that the loads
become additive.

L.iNGLEY JIEJIORI.+L.iERONAUTICAL LABORATORY,

XATIONAL .iDVISORY C’OWJITTEE FOR .lERON.iUTICS,

LANGLEY FIELD, VA., April 9, 19~7.
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‘FABLE I.—GEOMETRIC CHAR.% CTERISTICS

wing :
Area, sq ft ------------------------------------------ 236
Span, ft -------------------------------------------- 37.29
Mean aerodynamic chord, ft--------------------------- 6.8
Root chord, ft--------------------------------------- _ 9
Section at root _________________________________ NAC.1 2215
~eCtiOnat tip---------------------------------- NTACA 2209

.Angle to thrust Iine, den ------------------------------ _l
Dihedral, deg----------------------------------------- 6
L~pect ratio ---------------------------------------- _5.9

Engine:
‘Tap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . AMsonV-1710-F-lR
NormaI power at 10, SOOft, hp. . _ . . . . . ----------------- 1000
Propeller gear ratio.. --_-- _..: . . . . . . . . . . . . ------------ 2:1
Propeller diameter, ft_________________________________ 11

Fiight operation:
Average weight in fIight, lb___________________________ S200 _=_
-lverage position, percent M. A. C--------------------- 29.5

Vertical taiI surface:
Total area, si ft.. ___- _.__ --_. _._ . . . ..- . . . . . . -------- 22.9
Height above fuselage, ft-. _. . . . . . . . . . . . . . . ------------ 5.67
Fin area (less faking area), sq ft _______________________ 9.18
Rudder area (iaeluding 1.9-I sq ft of baIance and 0.55 sq ft

of tab), si ft . . . .._. ._-_ -._- __-- __-_ - ..__ . . . . . . ..-_ 13.74
Distance fromc. g. torudderhinge Iine, ft---------------- 20.13
FinoEset.d eg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- O

Horizontal tail surface:
Total area, sq ft_____________________________________ -4~3
span, ft---------------------------------------------- 12.79
Stabilizer area (includmg 3.54 sq ft. of fuselage), sq ft------ 30.86
Elevator area (including 3.S sq ft of balance and 1.6S sq ft

of tab), sq ft. _________________________________ 17.+4
DMancefrorn w-ing root L. E. to elevator hinge line, ft --- 20.0
Stabilizer set above thrust line, deg. _._. - . . . . . . -------- 2
Horizontal tail above fuseIage cerMer Iine, ft ------------- 1._50
Mazimur nelevato rdeflection (up), den_ . . .._. ------------ 31.5
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TABLE 11,—STEADl”-SIDESLIP TESTS

,

Run (rr_h) (d;f) T. Q.
A& Ah i. AIVJ Ah’,

I

Ah’.
[deg) (d.eg

i

A Cxf A CN, AC# ,
(lb) (lb) (lb)

1.

Power on

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105.0 –11. 40 0.109 0. W –5. 25 –%. al
4 . . . . . . . . . ..- . . ..- . . . ..-_. _.- . . .._

102 –1 101
105.0 9.95

0.156
..109 .037

–0: N; 0.155
7.55 1.10

5 . . . . . . ..-..-...=... __~.-___ . .._._-
–162

103.0
-136 –. 248

-15:90 .108
–. 233

.027 13.30 –. w -235
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2
162.0

–149 –. 373 .137
–3. 05 .045

-.237
.034 –1. 75

8 . . . . . . . . ..-. --------------------
–.69 120 –28 87

162.5
.077 –. 018 .0-33

–~. 15 .044 .024 –.4. 30 –2. 6g 246 –23 .159
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164,0

-.016 . li3
-Mm ; :3 . M —7. 05 –3. 59 307 –67 %: .193 -.036

11. . . . ..- . . . . . . . . ------------------ 165.0 5.30 .034 2.50
.156

.11
12. . . . . ..-... - . . . . . . . . ..-=- . . . . -------

– 1.% -149
lGL O 8.16 .045

-.11.5
. (33%

.024 –. 093
5.10 –. 59 1%

lo . . . . . . . ..-. ..-. _- . . . ..- . . . . ..-.. ____
-178 –. 18$ .070 —, 117

159.5 10.15 .040 W 6.85 –1.37 =% 150 –241
lo. -------------------------------- 217,5

–. 261 .101
–3. 80

-.162
.030 ; g: –1. 24 –. W 176 -19 157 .064

16. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218.6 –5. 45 .030
-.cKt7 . a57

-224 –1.32 275 —54 221 .098
lo . . . . . . . . .._. _____________________ 219.5 –7. 25 .030

-.019
.004

.078
–4. 44 –2.32” 418

18. . . . . . ..-. - . . ..- . . -------------
–68 334 .147

217.0 2.70
–. 024

.030 .001
,123

1.41 —a12 –157 42
lo . . . . . . . . . . . . . .._.. ------------------ 218.0

-115
3.65 .030 .004

-.057 .015 _. ~f

2.01 –. 32 –267
20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

82
218.5

– 185 –. 095 .029 –. 660
6.35 .030

79. . . . . . . . . . . . . ..= . . . ..-- . . . . . . . -----
.004 .34 32 –377 143 –2X -.134 .051

2?7. 5 –2. 05 .022 cm
-. 0S3

—. 60 ~: 17 171 –39 l.io .038
DO.- . . . . . . . . . . ----------------------- 275.5 –3. 5(I .023

–. 039
. cm

.031
–1. 05 -.17 267

81 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
—78 197

275.5
.OEa

–4. 35 .023
–.017

. ln)4
.044

-1.05 —. 47 331
82----------------------------------- 277.0

–114 .074
1.15 .023

-.025
.034 .55 .(M

.050
–1OQ 39

m... . . . . . . . . . . . --------------------
:x

277.5 2.20 .022
–. 022

.004
. W –. 012

.99 –. 07 –239 –151 –. 053
84.............--------------------276.5 3.20 .023 .0+34

.018
2.20

–.a33
–. 17

86.. --.- . . . . . . ..-.. ----------------
–342 1::

339.5
-212 –. 076 .027

–1. ‘m
–. 047

.012 .!3)2 .03 -.U2
87........---------------------------

-34 113
334.5

.022 –.(05 .017
–1. 65 .013 .003 –. 17 –. 12 hT

88------------------------------------
–51 148

337.0

, ~~ –. m . on
-!210 .013 .003 –. 17 ? g.

89. . . . . . . . . . . . . . . ..- . . . ..-. --------
2.52 –68

337.0 .50 .013
.038

.033 .54
–. 010 .028

–. 02 –154 46 –%
do. . . . . . . . -------------------------- .335.5 .90 .013

–. 023
.003

. m7 -.016
.83 .10 –250 74 -176

91. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334.5 .1.10 .013 .033
–. 038

L 33
.011 –. an

–. 02 –315 –221
93. . . . . . . . . . . . . . . . ----------------

–.048 .014 –.034
379..5 –. 80 .W9 .032 –. 02 –,12

:; . . ..- . . ..___ . . . ..> . . . . . ..-. -....-.. -
124 –:: 76

378.0
.014

–L 10 .039
–. 006

.m2”
.026

–. 12 –.Q2 164 -59 105
372.5 .75 . c09

.0233
.022

–. co’? .013
. . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- .18

:%” 1 ‘;:: ‘:
-132 –. 021

96. . . . . . . . . . . . . ..-- . . . . . . . ..-. ----- 374.0
cQ4 -.016

I ~75
. c09 . Q22 .48 -175 –. 027 .@M -.021

Power off

36. -... --.. - . . ..---. . . . . . . . . . . . . . . lNJ. o –12.45 . ------ .-.-... –6. 08 –o. 3!3 118
57.. --... - . . . . ..-----. . . . . . . . . . . . . . . . .

–13 134
104,0

0.201 -0.022 0: ;y
–L6.32 . . . . . . . .--...: –9. 78 –235 153

38. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .
–28 124 .239 -.oi4

105.0 –19. 82 . . . . . . . ------ – 14.03 –4.05
40. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

189 –62
105.0

.290 –. 095 .192
s. 28 .<- . . . . ..-.. -. 5.67 –1.85 –w} % -.147

41. . ..- . . . . . . . ..--.---- . . ..- . . ..-..-–
.010

105.0
-.112

13.68 . . . ..-. . . ----- 9.47 –3. 85 – 160 % –124 –. 245
42.--...--.-.-..-— ------------------- 108.0

.O@ —, 193
16.13 . . . . . . . . . . . . . . 12.22 —5. 35 -174

44. . ..- . . . . ..----- ..-. -.-._ -.- . ...-_=.
–126 –. 253 . Oi’J

158.5
—. 197

—5. 60 ------- ------- –2.2s –,22 137 –u 74 .m3 –.026
45................---................ 159.5

.030
–10.22 ------- ------- –6.73 –1.34 292 – 101 167 . 1!4 –. w

.46.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161.0
.112

–u. 28 ------- . . . . . . . –9. 80 –1. 80 367
48. . . . . . . . . . . . . . . . . . . . . . . . . . ----------

–123 217 .241
164.0

–. 084 .142
5.35 ------- ------- 4.09 –1. 34 –138

49. . . . . . . . . . . . . -----------------
- 10+

161.0
–. 087 .032 -.063

7.77 ....... --..... 6.OS – 1.95 –320 :: –184
50. . . . . . . . . . ..- . . . . . . . . ----------- 161.0

-, i61 .0$5 —. 121
il. 87 . . . . . . . . ..–.2 10.80 –3. 95 –338 112 -248

:2 . . . . . . . . .._..>= . . ..-. _— . . . -----
-.222 .074

218.0
-,163

–3. 47 -------- --------- –1. 57 —.17 175 –49 - 118 . cM2
03. . . . . . . . . . . . . ------------------ 218.0

–. 017 . o~~

—5. 82 -.--. — ------- –3. 22 –. 47 20$ –92 169
54. . . . . . ..-- Y. . . . . . . . . . . . . . . . . . . . . . 218.5

.095 –. 033 .Oca
–7. 52 . . ----- ------- –4.67 –1. 08 352

56. . . . . . . . . . . . ------------------
–1!33 192

218.5
.125 –. 058

2.83 .-- . . . . ------- 233 –170 62
57. . . . . . . . . . . . . . . . ---------------- 218. (1

–113 –. WI .022 -:!%
L 18 . . ..-— ------- 3.48 :: –245 96

52.. .-.. .-.. _. . . . . ..--. --... _____ 218.5
–154 –. 087 .034 –. 055

5.43 ------- ------- 5.03 –L 0s -345 138
60. . . . . . . . . . . . ..- . . . . . . . ----------

–212 -.122
21Q 5

.049 -.075
–!2. 82 ------- ------- -1.07 –. 12 140 –48 86 .019 -.017

61- . . . . . . . . . . . . . . . ..-. ..-.. .--. . . . . . . 21Q.o –5. 62 . . . . . . . . . . . ..- –2. 67 259 –93 1!33
62. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.092
218.5

-.033 :K
–6. 67 . . . . . . . . . . . . . . –3. 97 =% 343 -145 193

64. . . . . . . . . . . . . . ----------------- Zig. 5
–. 051 , (60

2.08 ------- ------- 1.18 –.-22 –113 37
65. . . . . . . . . . . . . ..-.. .--. --.. . . . . . . .

–82
219,5

–: ::; .013 –. (.26
3.38 ------- ------- 2.48 –.52 – 1Q5 -128 –. 059

66... . . . . . . .----–- . ..---–-----–-.–
.026

216.5
–. 046

3.89 -..... - ------- 3.73 –. M –246 1:: –143
67. . . . ..- . . . . ..—---------------

–.OW
159.5

.039 -.052
–. 37 ------- ------- –. 03 -.18 22 ‘ –2 .0s5 -. ml

68_ . . ..--. ..-. _ . . . . ---------------- 159.5
–, C03

–. 17 ------- ------- -, g –. 23 5
69. . . . . . . . ----------------------

–;:
159.5

S& . (M3 –. cog
–. 37 --.---- ------- 23 1: –1 –14

–: 05 :13
–. ml

do- . . . . . . . . . . . . . . . -------------------- 159.5
–. 00s

-.77 -----.- --=---- 40 –9 –13 .027 -. IYJG –. 005

. Initial steady-flight vaIue (increment from wings-kwelt rim).
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..----

......

......

......

......

....”.

......

.....-

-1,170
-,018
.813
,this

-,728
,740

,WI
,MM

-,652
-.(loo

,!540
-,730

–,030
,720

-,087
,07/?

,621
,!560

-,803
-.043

,Om
-,847

-,7TJ
,owl

ANI1
(lb)

30,0
–61.0
-,13,0

04,0

-55! o
15!o

-xi. o

10.0
42,0

-20,0

-80$0
124! o

10,0
-lrl, o

- !10,o
17,0

-24, h
30, h

01.0
-80,0

27,0
–40, o

-O& o
$10,0

-25,0
32,0

–11,0
27,0
Jo! o

–10, o

-142,0
41s,0

18,0
05,0

-49,0
-77,0

Ii, o
–116,0

-20,0
00! 0

-86,0
136! o

27,0
102,0

-Ml, o
-57,0

103,0
-100,0

-m! (1
77, (1

AiV,,

(lb)

—-

)15
–150
-70
Um

- IU7
lriO

-418

373
360

-182

-400.
-i704

8(TL+
832

- m
70

-82
8?I

-iti
180

-164

-308
3f12

-?61
203

-408
-30,5

31,8
284

-268
Im

27I
2152

-34’0
-385.

220
-.$10

-47$
697

-460
628

280
383

-,90$
-301

WI
-a85

-4firi
460

(rho
——
100.0
100!o
1010(1
100! o

108,7
108,2

203,0

190.3
20%o
202.0

20({.,5
2rJ8,6
207,0
2rJo,o

100!o
100,0
102! fi
101,0

101,0
101.0
100,0
101,0

200,0
192,0
107,0
203,0

204,.5
20& i7
209,5
mo, 8

lfi7, 5
104, n

204,0
198,n
107,h
198,.5

11)0,o
108,5

200,6
200,0

1ho, o
1!54,0

108,0
200,6
107, (3
200,0

108,0
100,6

200,0
288,5

AN,,

(111)

112
-100
-123

2L0

-103
188

-4&5

305
382

-280

-’ml
-460

:+70
2!$0

- Wl
06

-107
117

280
-l!&z

IF)(I
-1$0

-44 b
‘loLrl

-30.5
30s

-48.5
-2617

300
190

-420
4fJli

220

:Ifi
-370
-4fi2

345
-(WII

-46.5
640

-,540
030

263
.175

-300
-358

R(UI
-iwo

+h7
422

A N,2

(lb)

. . . . .
130

-W

450
-408

810

-8s0
-7W3

736

Illh
1207

-1185
-1118

. ...”

. . . . .
“.. .-
. . . . .

-----
. ..”.
. . . . .

702
-760

owl
-708

1405
1088
–075

-1070

1148
-016

-813
-728

870
843

-872
1020

1ml
-1100

IOofi
-000

-s08
-701

8412
760

-molf

121.5
-Jllw

—.

A Nv2

(lb)

. . . . .
1s8

3
-210

n3
4(3

60

-lW
-100

1)38

lnfl
72

-83
-s0

. . .. .
-.. .
.. .. .
““.. .

-----
.. ”.-
.. . ..
-----

-Ml
-08

-185
-101

173
217

-50
-8(3

112
-fib

-44
-.59
--:

-40
-46

-20
1Z52

-2!5
33

-30
-14
130
115

30
-5

-130
I m

ANpg

(lb)

. . . . .
220

-W

018
-426

8R0

-WF1
-oBfi

790

1468
1400

-1185
-1067

. . . . .

. . . . .
-----
-----

-----
. . . . .
. . . . .
. . . . .

720
-fwi

540
-807

lotto
lltio

-1077
-1111

1220
-978

-833
-7no

885
8$)8

-;m~

1235
-900

1050
-880

-832
-776
1010
847

-020
la7.5

108s
-1018

(s%)
—,

0.00
,80
. WI

1, 10

L fit!
2,10

. 7Q

,90
,80

1,00

: :%
, Flii
,70

>2,90
>8,00

2.80
2,40

>1,00
>1,20
>1,30

1,80

, 8fi
1,00

>1,20
,00

, m
,80
,80
,46

1,20
1.00

1,10
L 20
,00
,95

,70
, hfi

,3$
,50

1,40
1! 10

,00
, WI
,60
, 0s

,70
l,oh

2$;;

—-.

.,
[rfl&so@

-0,2>1
,347
,285

.- . ..-

,341
-,274

, $H3

-, ,Isii
-,487

,514

.1724
, O(M)

-,0.52
-,441

,15!!
-,112

,178
-,143

—, 417
,288

-, 36(1
,274

.“” . . .

. . ..-.

.-- . . .

. . . . . .

, 7J1
, Gsl

-,621
-,411

.790
-.897

-,344
-: g:;

,768

-,018
,870

,810
-, 86L3

, 8f12
-1,005

-!404
-; ;::

,027

-,804
,715

,740
-,70$7 ~

A l’,
(h) (ha)

—.

26,08
-73.13
–45, 05

WJ,00
.,

-57,04
43.40

-42.43

10. ml
66,20

-22.40

-20.17
-Io.111

35,30
17.22

-00,48
(10.85

-110.23
80.42

124, m
-41. w

70.04
-184,74

-:? ;;

-22: fii
32,06

-42,44
-31,88

4$,10
10,10

–137, oil
141,47

1!,02
xi 20

-3, nfi
-92,20

80,47
-00, no

-03,34
68,07

-125,01
UK), 40

l(i 04
W 62

–68, 24
-140,30

100,33
-110!3?3

-4$ ;:

($?)

8.M
-4,87
. . . . .
-----

-Q. 04
&62

-19,33

Iy, N
. . . . .
. . ..-

-8.84
-o, II

0.90
(i 00

-0,01
6,39

-8. 2Q
(i 03

-0,01
-11.00
12!40

-8,01

=10, 78
m 74

-10, !!0
12,71

-0,11
-8,20

7,00
(3,4rJ

-27,0$
20.48

1!, 44
12,80

-14,84
-IR.20

14,70
. . . . .

–0, 66
Q,60

-2$70
20,70

10,30
I&68

-14,60
-12,00

20,72
-10, no

-0,50
la,m

,Un

——

4
6
7
0

2
4

4

i
3

I

1?
4

I

:
4

2
3
4
b

2
3
4
G

6
7

;

h
(i

1
2
3
.1

1
2

:

,;

:
7
n

3
4

3
4

—

Powor

——

on . . . .
On.. . . .
On.. . . .
On.. . . .

Rato(l
Rrwl..

Ral,otl..

0!1 .
011 .,..
011 . ..

m...-.
011 . .
on .. ..
on .,..

Q(T .,..
ON ... .
of7 .,..
Ofl’ .. . .

of7 .... .
017 ..-.
Ore .. .
011... . .

OIY... ..
C-m.”...
Ofl ... ..
Ofi’ .. ..

ON...-.
0!! ’”..-.
00!,... .
ON,,...”

on.,,...
on..”..

RM.QCI .
Rcltd .
mm-l
RwLM..

011. . . . .
on-...

011 . . . .
on . . . . .

OR...-”
Ofl . . . .

Ofl . . . . .
Otr . . . . .
O(Y . . . . .
ofr . . . .

Ofr.-.. ”
ofT .. . . .

Ofl ....”
CJ17... ..

2“<

—

“-.
.“-

---

.-.

1.Onl
,002

.067

,082
.032
>032

,018
,018
.018
,018

-..
. . .
. . .
. . .

-,.
. . .
. . .
..,.

. . .
-..
..-
..-

..”

. . .
---
. . .

.047
,043

,067
.061
,002
,001

,032
,032

,018
.Oln

.-.

. . .

---
---
-..
..-

-..
. . .

,“. .
. .

Qo

0
0
0
0

0
0

0

:
0

0
0
0
0

0
0

!
I
0
0

0
0
0
0

Q
0
0
(1

21,00
-15, 40

-4,80
-h 20

b, 30
4,00

-8,70
7.00

4.60
-4.00

19,07
–16.05

-4,00
-5,00

r),40
5.10

-8, K&
II,80

-2 R

m, 000
10,000
10,000
10,000

0,000
6,000

0,000

6,000
(ii000
0,000

6,000
0,00(2
0,000
6,000

7,000
5, 000
7,000
6, m

o, ODIJ
0,000
0,000
0, (KIO

0,000
a, 000
0,000
6,000

Q,CQo
0,000
0,000
(J 030

6,000
0,000

0,000
$ Oorl
0,000
q 000

6,000
6,000

8,000
2.,000

0,040
6,000

):

0:000
0,000

0,000
0,0’30

0, 00Q
6,000

-4
..”
.“.

-138
126

. . .

271
2nfi

-271

–332
-32n

200
280

-20

-!:
:Ifi

. . .
-02
. . .
. . .

–200
238

-212
222

-31=14
-:113

XJ2
300

-3$)1
306

210

.%;
-276

31?!
-WI

.j~

-420
440

221
254

-321
-313

30(
-354

-420
332

...

...
---
...

o! 007
.007

.007

.004

.004
,004

,003
, Ow
, cm
, ONI

.-.

. . .

.“.

. . .

. . .

. . .

..-
-..

.-.

.-.

..-

.-.

. . .

.“.
-..
. . .

,004
.004

.007
,007
,007
,007

, L?434
. oi14

.003
,003

.-,
-..

“.-
. . .
“..
-“.

.“.

. . .

..-
-..

* 7.nifM sWxly-tIi@t; vodw (Iqcrmqmlt from wiltg$-hval I,r[nv),

4

i

I
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TABLE IV. —RUDDER KICKS (IN 117HICH. NO LOADS N7ERE MEASURED)
--,,

(d~f)

-

0.
0
0
0
0

ff
o
0
0,---

:
0
0
0
0

0
0
0

A&.
(deg) (de$sec)

— .

–6. 50 –34..16
8.13 74.94

–4. 88 -is. 21
11.06 11-L59
7.15 35.34

Altitude{ A F,
(ft) I (Ib)

1.

..
(rad~~ec~)

0.172
–. 341

.133
–. 375
–. 254

Flight I Run I ,Jh,~ Power

.___, —,_ 1- -———+———— ;___
10,OC41 –28
10,003
10, (W –B
10,052 –97
10,000 . ..

–o. 143
.164

–. 139
.204
. lxilI

1 -102 on . . . . . . . . . . . -----
100 on------------

6----------------- : ml on---- . . . . . . . . . . .
ml on . . . . . . . . . . . . . . . .

: 100 ou.- . . . . . . . .._._-

0: ;;; o. (X17
.027

.122 .037

.122 .007

.122 .007

.480 .029

.480 .029

. 4s0 .029

. 4Q, .029
-..

0.111
–. 255

.089
–.300
–.160

–O. 138
.087

–, 153
.102
.041

–. 268
-.241

.102

.107

–. 214
.032

–. 321
–. 471

.064

.064

-4. 2!3 . . . . . .
. ---- .- . ..-
-3.31 ..--..
11.32 . . . . . .
8.29 . . . . . .

>1.40
.86

>LIM
1.10

>1!34

10,0$+3 –159 –8. 37 —79. 56
10,030 -174 .– 10.30 –lt6. 18
10,000 153 10.95 g?
10,000 :,2:9 17.71 .

3.87 –3.L38
2 so 1(L70

–8. .53 -19.83
–13.01 –65. 82

?. 08 23.91
7.41 53.96

1{1 100 Rated . . . . . . . . . . . . .

6% . . . . . . . . ..--...
100 Rated . . . . . . . . . ..-

:
14 M %%:::::::::::

.311

.276
–. 408
—. 549

.2k7
–. 193

.564
85U

–. 420
–. 501

.187

.176
–. 275
–. 374

.204
–. 143

.330

.478
–. 31!7
–. 308

-.217
–.217

.194

.203

-Q. 52
-9,11
13.81
15.19

–k g8
4.14

. . ..-
-----
-----
-----

15. lfi
10.85

-15.47

-0.282
–.289
.520
.502

-.333
.175

–.5$3
-.m
.K!a
.654

L30
L 24
.?4
.60

:1
[ 200 Rsted . . . . ..~. -----

; 2M Rated . . . . . . . . ..-.

S. . ..-. --.---! ~ m Rated -----------
200 Rated . . . . . . . . . ..-.
200 Rated . ..--- . . . . . . .

: 200 Rated . -----------

6, OM – 157
6, O(KI lo~
6,000 –280
6,000 –287
6,030 234
6,000 261

{

200 Rated . . . . . . . . . . . . .
88... ..-.. ------- ; 200 Rated . . . . . . . . . . . . .

3 200 Rated . . . . . . . ----

6,000 282 7.73 35.12
6,001 8.69 41.81
6,0C41 .!!’, –o.m –46.38

.064

.086
–. 310

.156

.215
–. 272

.80
I.m
1.30

.060 coi

.060 c07

. OEO C07

–. 330
-.352

.275

.-=---
------
–. 955

......
------

.427

.6756, OCQ –290

6,001 –261
6, ON –229
6, Ofd :;
6, OfO

Sb. . . . . -----------
14

200

3rKl
303
3(KI
3(Y3

325

On._ . . . . . . . ------- .U21 .004 .385

.224

.193
–. 157
–. 174

.218

-.l~z

. Xo

.161
–.178

.272

–. 257 –. 369 -13.43 –. 741 .Lw‘1
– 4.19 –37. 10
–3. 22 –2$.61
3.95 26.80
3.06 8.15

0 .024 . C04
o .024 .004
0 .024 IXJ4
o ,024 .034

.541

.458.
–. 497
–. 278

–. 160
–. la

.057
0+38

–. 209
–::;

.106

–7. 60
-7’.32

6.35
5.80

:;
.03
.s3{

;
11----------------- s

4

On-. ..-.. -... -.._.
On---------------
On.--. .-.. -....._
on...... .. ......

o

0
0
0
0
0

-Zfio I ------15... -..-. --.-+ 5 oh---l .024 .004 .576 –. 2s8 –5. m –. G78 .m------
.026

–. 010
0

.023
–. 010

5.69 11.23
–7. &o – la. 801

99 off.. _ . ...-. -....-
; 100 off . . . . . . ----------

4. . . --------------- 3 100 off --------------
4 100 off . . ..- . . . . -----
5 100 off- . . . . . . . . . . . . . .

[

lIXI off. . . . . . . . . . . . . . . . 0
: ml off. --.. -- . . . . . . . . . 0

4a... . . . . . . . . . . . . . 3 ml off . . . . . . . . . . . . . . . . 0
1C41 off------------ 0

2 lW. oil__== ---- 0

6,000
6, WI –z
6, O@) ---
6, OMI
6, Of@ –~:

–. 083
ml

.081
–. 195

.324

.033
–.1337
–.034
.002

–.037

-.049
.036
.045

-.021
.031

8.62
-8.84
-9.11

7.18
-8.29

>3. m
>3.30

. . . . . .
>l. q
>1.02

--- ...
-.. ---
... ---
... -..
--- -..

-—
--- ...
--- ---
..-
--- ---

------
------
-..-. .
-...-.
------

----- ------
14.23 93.85

–14.47 –U.5.23

6,000 --- –15. 23 -133.98
6, OW 89 24.07 161.48
6, OMI ?.3.m 66.54
6, OC#l -% –13.01 – 33.46
6, W 59 12.85 102.03

>2.70
.30

>1.54
2.10
1.55

.330
–..?37
–.215

.214
–. 219.

.266
–. 220
–. 189

–:%

o
.053
.026

–: :;;

–9. 39
9.39
5.52

–0.01
6.91

-10.50

.-----

... ...
------
..----
....-.

–21.iGt –150.02 L 364b . . . . . . . . . . . . ..-.l 51 100 I off_.__--_..__\.\ o -.. ___ 5,502

-.. 6, IIXI
. . . .-. 6, COO
. . . ..- 6,030
..- ..- 6, WI
. . . --- 6,000

--- . . . 6, COO
6, COO

. . . . . . 6, @IO

. . . 6, mO
--- --- 6, fOO
..- 6, fOQ
..- 6, O(I3
._— . . . 5,003
--- ___ 5,002

-.. 6, O(KI
.-. --- 6,0133
-.. -.. 6,030
--- --- 6,030
--- -.. 6, OOQ

--- --- 6, Oil)

-77 .309 .333 -.029 ..--...- .---
–. 01s

.043
–. 024

.043

.074

–, 019

–: E

> L 70
>L 56
>1,70
>LEQ
>1. w{

1 102 off------------ o
100 off--------------- :.

;5, . . . . . . . . . . . . . . . . 4 101 Off . . ..___-_ . . ..__
w o!Z______________ 0

5 w o!Z-------------- 0

– 45

-:
79
82

–13.01 —77.39
14.96 89.53

– 15.93 –26. 43
18.86 2.5.78
17.89 39.39

.215
–. 245

.225
–. 244
-.254

.253
–. 223

.278
–. 266
–. 278

–. 010
.020

.....-
.026
.031

-; ;3

-9.67
1L05
8.29

.-----

..----

..-..-
------
. .----

–21. 48 – 185.92
–17. 89 122.07
–13.01 – 29.59

–9. 43 –71. 85
7.80 4,$.46
7.97 –14.73
6. S8 13.63

.335
–: fi5

.278
-.278

.m

-13.w
12.98

. . ..-

.-...-
------
......1{I

103 off. -.- . . . .._.. ----
:52................. ? 103 ofi..... ----------

100 off.... ..... ......
o
0
0

------
.031

–. 02U

–. 065
. 02c’

–. 082
.010I

1 230 off._._- .........-
2 200 OR...............

7------------------ : 205 off..--------------
198 off--------------

5 192 off.. -----------
6 202 off . . . . . . . . . . . . ..-.

–8. 16
0.91

-8. U
5. MJ

–:44:

–. 305
.167

0
0
0
0

8

.388
–. 257

.233
–. 230

.194
–. 155

.167
–. 133

.m

.3$4

–: ~:
–. 059

.024
–. Ooa
–. 218

...
-..
..-
---
---
...

----- -------
–17. 07 –97;-65

–8, 05 “’–2&’2a
8.37 li, 48

–8. 86 –63. 79
9.01 33..97

–9. 34 -63.12

.736
-..-.. .
-.233

------
–. @33

----
>L. W

{

1 m off... - ... . . . . . . ...’
252 otL- . . .. .-------

7a. -------------- : 230 off-. ..-. -..-.-...
4 ’230 Off...=_. ..-- . . ..-.
6 230 off.. . . . . . . . . . . . . .

– 140
180

– 157

–::

.369
–. 442

.478
—. 526

.588

.m
–.297
.352

–.297
.319

–, 187
.054

-.268
.054

-.214

–. 192
.153

–. 23(3
.188

-.261

-9.67 -. cc+
7.87 . . . . . .

- m. 50 –. 012
6. W . . . ..-

–12, 15 –.921

7b . . . . ..-- . . . . ...\ II 203 Oil- . . . . ..- . . ----- –11.59 I –70.2a –. 314 -11.82.1 . . ..-. >1.100 ..- ------ -----
-6.21 –. 3B
-0.01 -.777

6. a4 . ml
0.49 .726{

3cil
i

11. . . . ..-. .-- . . ..-. ~
300
300

8 303

–3. 38 – 14..04
–3. 22 -16.42

3.38 23.28
3.86 12.50

.336

.403
–. 399
–. 404

.14C

. la
–. 157
–. 213

–.057
–.114
.057
.046

–. ml
–. 131

.133

.104

1.10

1:%
.EO

oil_.... .. . . . . . .
off.. . . . . . . .. . . . . . .
Off--_--.._>..-._.
off.. ._... _...-._

off.:. . .---------

0
0
0
0
~

–6. 25
–5. 45

6.95
3.65

--- I --- 6, COO –205
6, GK30 -218
6,000
6,003 i%

6, ON ---

6,000 228
6, fHIO 313
6,030 ..-
6, O@l ---

--- -..
--- --- –4, 51 –391 62‘la----------------l‘1 300

.526 ,16$

–. 30$
–. 34

42(
. 33(

–. 080 -.152 -8.561 -LI17 .fo
7.08 2.2.26
8~69 71..89
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.Initird steady-flight value (fucrement from wings-Ie~eI trim).

TABLE V.—FISHTAIL MANEUVERS

[Altitude, WHI [t]

i Flight Run
Speed

~

(mph)

Mltial
Power

(%

Mean

($ei)

Lax.load
1A cycle

(lb)

—.

–600
–450

9MI
—780

720
–610

880
lofnl

580
470
750
610

iyI

(lb) ‘“

!
“— . —

!
16. . . . . . . . . . . . . ~------. . . . . .

{

1. . . ..-

18a . . . . . . . . . . . . ;“-----. . . ..-
4

on . . . . . . . . . . . . . . . .
off--._____... . . .
Rat@ . . . . . . . . . . . . .
Rated . . . . . . -----
Off . . -----------
off__________
Rated . . .._ . . . . ..=~
off....-__ .-.-...

.R&ted .- . . . ..-. -..
Rated . . . . . . . . . . . .
Rated . . . . . . . . . . . . .
Rated -------------

8,0
13.5

–11. 5
13.0

– 14.0
L1. o

–8. 5
–8. 2
–6. 6
–3. 1
–2. 3
–2. 2

– M
125

–420
-303
350
270

–2k3

–;$
–200

210
–2X

–6@l
630

—7843
–7X

6dl
—710
-Wo

8;0
6.50
mo
810

-7J0

9.0
14.0
11.0
11.6
16.0
11.0
7.5

~~;

z 00
1.65
1.50

–670
570

1070
–1070

940
–930

– 1203
1130
640
fm
810

–8<0

l}.Attempt to maximize loads (rudder
kick agdmt swiug),

“2!3 lomls (Mgb
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